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FLUTTER INVESTIGATION IN THE HIGH SUBSONIC AND TRANSONIC
SPEED RANGE ON CANTILEVER DELTA-WING PLAN
FORMS WITH LEADING-EDGE SWEEPBACK OF
60°, 53° 8!, AND L5°

By William T. Lauten, Jr., and Marvin F. Burgess
SUMMARY

Results of flutter tests on three centilever delta-wing vlan forms
(leading-edge sweepback of 60°, 53° 8', and 45°) at Mach numbers from
0.4 to 1.0 are presented herein. One result was that the ratio of the
second bending freguency to the torsion frequency had a marked effect
on the flutter susceptibility of the wing. There was also a marked com-
pressibility effect which led to the conclusion that over the range
investigated the transonic Mach number range was the region where flut-
ter was most likely to occur for these plan forms when flown at either
constant dynamic pressure or constant altitude.

Structural influence coefficients were obtalned on a few wings of
each plen form and these coefficients and calculaied mode shapes and
frequencies derived therefrom are presented.

A reference flubtter speed is calculated for several of the tests
for the purposes of comparison and in order to make the data more gen-
eral. This reference flutter speed is based on & theory which includes
the effect of mode shape (for si implicity, only the first bending and
first torsion modes were utilized), a correction for sweep, and the use
of two-dimensionsl flutter derivatives. The addition of a third mode
(second bending) to the ezlculations for one 60° wing makes only a smell
difference in the final answer but in another cease the addition of the
second bending mode increases by 50 percent the result cobtained when
only twWwo modes are used.

A comparison is elsoc made with an empiricelly derived criterion
which involves test density and geometric, stiffness, and mass character-
istics of the vlan form. The predicted speed is generally somewhst
unconservative and apperently the criterion is not applicable at low
test densities or to flutter invol v1ng the higher modes.
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INTRODUCTION

In view of the current interest of designers in the delta-wing
plan form and since few flutter data are available for this plan form
in the transonic Mach number range, it was felt that a limited series
of tests on delta wings in this range would be desirable.

Previous flutter work in the transonic range has dealt primarily
with more conventionzl plan forms ranging from unswept untapered wings
of nigh aspect ratio (ref. 1) to 60° swept wings with taper ratio of 0.2
and aspect ratio as low as 3 (refs. 2 and 3). Transonic tests of cropped
delta wings are reported in reference 4 and of two 64° delta wings in
reference 5. Subsonic tests are reported in reference 6.

This paper revorts flutter data obtained in the Langley 8-foot
transonic pressure turnel on delta wings with leading-edge sweepback
of 60°, 53° 8', and 45°, with emphasis on the €0° plan form, at Mach
numbers from 0.4 to 1.0. Wings of two frequency spectra were tested -
one spectrum with the sescond natural bending frequency lower tnan first
naturel torsion frequency and the other with the second bending higher
than torsion. Structural influence coefficients, and mode shapes and
frequencies derived from these coefficients, are presented. In order
to make the flutter Information presented more general, the two-
dimensional incompressible-flow flutter theory of reference 7 and, as
an slternate method, the emplrically derived criterion of reference 4
are applied as a means of normallizing the resulits obtained.

SYMBOLS
A aspect ratio
a nondimensional wing-reference-exis position measured in
streamwise direction from midchord, positive for axis
L. 2xo .
behind midchord, — - 1
100
a + Xy nondimensional wing center of gravity measured in strearwise
direction from midghord, vositive for center of gravity
X
behind midchord, o= - 1
? 100
b sernichord of test wing measured in the stream direction, ft

AN,
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H calculated mode shape,
Vertical disvlacement of any section
Verticael displacement of sectlion with maximum displacement

£ frequency, cps
QI polar mass moment of inertia about elastic axis per unit

length, ft-1b-sec?/ft

3 mess ratio, m 7pb2

A sweepback of leading edge, deg

[ length perpendicular to free stream, in.

M Mach number

m mass of wing per unit length along semispan, slugs/ft
w frequency, radians/sec

p air density, slugs/cu Tt

Q dynemic pressure, lb/sq £t

qu square of nondimensional redius of gyration about

elastic axis, Ia/mb2

s exposed semispan, measured from free-stream root of model, in.
v velocity, fps

Vo velocity of sound, fps

VR flutter velocity derived from calculations based on two-

dimensional incompressible-flow theory of reference T, fps

V2 flutter velocity derived from criterion given in refer-
ence 4, fps

Xo distance of reference axis of wing section behind leading
edge measured in stream direction, percent chord

Xy distance of center of gravity of wing section behind leading

edge measured in stream direction, percent chord

AT
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Subscripts:

e experimentel values obtained at start of sustained flutter

f flutter frequency

by first bending

h2 second bending

o first torsion

R calculated values besed on two-dimensional incompressible-
flow theory of reference 7

r values taken at free-stream root section

S values based on stendard atmosphere

MODELS AND TEST PROCEDURE

Construction of Test Wings

In order to obtain & variation of freguency spectrum, with primary
attention directed to the retio of the second natural bending frequency
to the first natural torsional frequency, two basic types of construction
were used.

The first type of wing was built to have a frequency spectrum of
first bending, torsion, and second bending in that order. These wings
Wwere bullt of spruce and aluminum alloy or spruce and balse laminated
in such a manner that the flexural and torsional rigidity of the span-
wise sections were approximately proportional to the fourth power of the
streamwise chord and the mass of each spanwise section was approximately
proportional to the squere of the streexwise chord. Figure 1 shows a
cross section of two 60° delta wings, designated type A and type B, which
had this type of construction. With the construction es showm, these-
wings could not be fluttered in the g-range of the tunnel. Consequently,
streamwise slots 1 inch apert starting 1 inch from the root were cut
into the upper and lower surface. For type A the slot depth was about
two-tnirds the thickness of the balsa and for type B the slots went com-
pletely through the bslsa. The stiffness and vibration data presented
later are for the weakened wings. Figure 1 also shows a cross section
of the L5° and 53° 8! delta wings (type D) which were made of spruce and
aluminum alloy. .



NACA RM L56K26 "SRR 5

The second type of wing was bullt to have a frequency spectrum of
first bending, second bending, and torsion in that order. These wings
were bullt of balsa, aluminum foll, and aluminum-alloy sheet. A core
was constructed of balsa or of & combination of balsa and aluminum-slloy
sheet. The aluminum foil was wrapped around this and was largely respon-
sible for the structural strength of the wing. This type of construction
produces wing sections which become relatively heevier and stiffer in the
outboard portion of the span. The 60° delta wings had a chordwise-grain
center lamination with end-grain balsae filling out the airfoll section.
In the 45° and 53° 8' delta wings, the center lamination was replaced by
the plan-form sheet of 0.020-inch aluminum alloy. Cross sections of
these wings are shown in figure 1 with the 60° wings designated type C
and the 45° and 53° 8' wings designated tyove E. A variation of stiffness
in the 60° wings was attempied by adding extra thicknesses of foil in
the skin but the desired range was not obtained, probably because the
adhesive used to attach the foll to the balsa permeated the grain of the
wood and contributed so much to the stiffness that the added leyers of
foll added only & small percentage to the stiffness.

In addition to the built-up wings, a 60° delta wing was built from
a megnesium flat plate with beveled edges. The section is shown as
type F in figure 1.

Laboratory Measurements

All wings were vibrated and the natural frequencies and nodal pat-
terns up through the sixth vibration mode were determined. Sketches of
the plan forms tested are presented in figure 2 and show representative
nodal patterns end frequencies for the first four modes. One shaker was
used for the determination of the vibration modes and frequencies. As
a check, two shakers were used on & few of the wings and also the one
shaker was attached at different locations on the wing. When the shakers
were kept close to the wing root, there was essentially no difference in
the frequencies or nodal pstiterns obtained. The frequencies obtained
with one shaker also agreed with the free-vibration tests vhich were made
to determine structural damping. For the bullt-up wings, the structural
damping varied from 0.02 to 0.05. For the magnesium flat plate, the
damping in first bendling was 0.007.

Structural influence coefficients were obtained on at least one
wing of each type of comstruction, and for purposes of compering the
stiffness of wings of similar construction the diagonal of the structural-
influence~coefficient metrix was determined for 211 wings tested. The
location of the 12 points used for the influence coefficients is shown
in the typical loading pattern illustrated in figure 3. The wings were
loaded by means of & weighted frame which could be slipped over the wing
in such a manner that a load could be applied at the desired point
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through a small pad (1/4-inch diameter) which was used to prevent damage
to the wing surface. Deflectlions were measured with dial gages that could
be read directly to 0.0001 inch. These dial gages have an sccuracy of
approximately +0.0002 inch, well within the scatter of the experimental
data. It is probeble that, as indicators of small differences, the error
is considerably less.

Since there was some question concerning the effect of the dial-gage
spring constant on the calculated frequencies and mcde shapes, a microm-
eter which could be read directly to 0.0001 inch was set up on the mag-
nesium wing with a very sensitive electricel contact system. The contact
system consisted of a neon lamp connected in series with a L45-volt bat-
tery and a l/h-megohm resistance. One side of this was connected to the
wing and the other side to the spindle of the micrometer so that the
neon larp would flash when contact between the micrometer spindle and
wing was esteblished. =xtremely careful manipulation of the micrometer
parrel indicsted that a movement of 0.00002 or 0.00003 inch was suffi-
cient to indicate contact or no contact as the case might be and with
reasonable care the readings could readily be repeated to the nearest
0.0001 inch. This method was much more time consuming than the dial-
gage method but had a significant advantage in that there was no preload
or varying load on the wing. When the frequencies and mode shapes were
calculated from the influence coefficlents determined with the micrometer,
they were found to be about 2 percent less in fregquency than the values
determined from the dial-gege influence coefficients and the difference
in mode sheve was virtually undetectasble.

Vibration frequencies and mode shapes for the first four modes were
celculated from the structural influence coefficients. Table I gives
the structural influence coefficlents, the mode shapes and frequencies
calculated from the influence coeificients, the experimentally determined
frequencies, and the calculated mass of the wing segments associated with
the loading stations shown in figure 3. The structural-influence-
coefficient date are the original data with no adjustment made in order
to conform to Mexwell's theorem of reciprocity, since, in esrlier calcu-
lations, where both the symmetrical and unsymmetrical mairices were
employed, it was found that the szme or slightly better agreement of the
calculated with the experimental values of frequency were obtalned with
the unsymmetrical matrix. Only the first three modes are presented
because it is felt that with only 12 load points a calculated fourth
mode is somewhat meaningless. Generally, the calculated fourth mode did
not agree too well with the experimental value of frequency or nodal pat-
tern. Mode shapes were not measured experimentally, but the node lines
determined from the calculated mode shspes for the first three modes seem
to be in reasonable agreement with the experimentally determined node
lines.

-
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Pertinent wing parameters are listed in table II. The values listed
in teble IT are associated with the free-stream root section. Also, inas-
much as a delta wing hzs no elastic axis in the commonly accepied sense
of the term, the value listed for x, is for a reference axis and 1is

assumed based on consideration of the structural characteristics of the
free-stream section. BSince, on a few of the wings, certain parameters
vary with span, the spanwise varistion of these parameters is listed in
table IIT, which also lists the bending and torsion mode shapes. It
should be pointed out that the mode shapes listed in table IIT are in a
different form from the mode shzpes listed in table I. The mode shapes
in table IIT are derived from the mode shapes calculated from the influ-
ence coefficients and have been adjusted so that they lend themselves
more readily to the flutter calculations which will be discussed later
in this peper. The mode shepes given are the mode shapes of the wing
considered as a beam extending perpendlcular to the airstream with =
span equal to the span of the wing and are derived in the following msn-
ner. For the bending mode, the normalized velues from table I for' the
three chordwise points at eack of the four spanwise stations (see fig. 3)
were averaged and a curve of displacement against spen faired through
the resulting four spanwise points. This curve was exitrapolated to the
wing tip and the normalized values in table III were obtained from this
curve. For the torsion mode, a similsr method was used in that the slope
indicated by the three chordwise points at each spanwise station was
approximated by a straight line. The siope of each of these lines was
determined and a curve of slope against span faired through these points
and extrepolated to the tip. The values of slope at the desired stations
were then normalized and are listed in table III as the torsion mode.

Instrumentation and Test Technique

All wings were instrumented with four L-zrm strain-gage bridges
attached in pairs. ZFach palr was oriented so that one bridge would read
flexural strain along an arbitrary axis and the second bridge would read
the torsional strain at an angle of 45° to that axis. The output from
these gages was recorded on a recording oscillogreph for part of the
tests and on a multichannel tape recorder for the remainder of the tests.
The beginning of flutter and the flutter frequency can be determined from
these records.

In some ceses the output from one of the strain-gage bridges was
fed into a sensing device which triggered high-speed flash lamps at the
maximum strain points of a cycle of flutter. This method yields a double-
exposure photogreph which gives a good qualitative delineastion of the
flutter mode. Two of these hign-speed flash photographs taken of wing 13
and wing 14 are shown in figure L. A similer system for determining
static vibration modes, triggered by an amplitude-sensing device, is
reported in reference 6.
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Since in rany cases the onset of flutter was both sudden and vio~
lent, a system was set up that enabled the tunnel operator to record
desired information automatically. By closing one switch, (1) an oscil-
lograph record could be obtained, (2) test point number, test-section
Mach number, static pressure, and stagnation temperature could be
recorded on an electric typewriter by the tunnel read-out system and
(3) a short burst of high-speed movies and the high-speed flash photo-
graphs could be obtained. In some cases the onset of flutter was so
abrupt and wing feilure so raspid that it was found necessary to run the
recorder continuously in order to obtain a record of the oscillations
before the wing failed. Figure 5 presents a record of this type. The
read-out signal in the third line from the bottom indicates the time when
the switch was closed. Since conditions change slowly in the tunnel, the
difference in time between wing flutter and the time when the data were
recorded is felt to be negligible.

Usually flutter was obtained at the desired Mach number by increasing
the speed of the tunnel at reduced density and then increasing the tun-
nel density until flutter occurred.

Test Facility

The tests were performed in the Langley 8-foot transonlc pressure
tunnel. For the flutter tests, a reflection plane was installed in the
tunnel and 211 wings were attached with mounting brackets to this reflec-
tlon plane as semispan cantilevers. A fairing was attached to the wing-
rounting brackets to smooth out the flow over the inboard section of the
wing. A schematic downstream section view of a wing mounted in the tun-~
nel is skown in figure 6. A photograph of a wing installed in the tun-
nel is shown in figure 7.

The reflection plane was a l-inch-thick steel plate whose primery
support was a circular-erc steel strut 5 inches thick. Thals strut was
attackhed to the tunnel and to the center of the reflection plane. In
order to eliminate any possibility of yew and roll of the plane, 17 auxil-
lzry supports in the form of small streamlined struts were attached to
the tunnel wall snd the reflection plane at various points. In view of
the method of attachment and the msss of the plane, it is felt that the
wings were attached to & virtually rigid body and that the assumption
of a true cantilever mount is valid.

The reflection plane served to bleed off the boundary layer and to
move the test wings out of the tunnel boundery layer which was approxi-
metely 3.5 inches thick just ahead of the leading edge of the plane.

The boundary layer at the center of the plate was approximately 0.8 inch.
The Mach number gradilent with the plane in the tunnel was smz2ll with a
maximum Mech number deviation below M = 1.0 of +0.005 occurring at

]
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M=0.99. Above M = 1.0 the flow deteriorated, probably due to reflec-
tion of shocks originating at the reflection plane leading edge. For
this reason no flutter data are presenited for Mach numbers in excess

of 1.02. No complete survey has been made of flow angularity but tuft
studies indicete no angularity except on the top and bottom of the
reflection-plene trailing edge.

TEST RESULTS

Flutter has been obtained on three delta-wing plan forms, 600,
53° 8!, and 45° leading-edge sweepback, at Mech numbers from O.L to 1.00.
The mass ratio p of the tests varied from 7 for the lighter wings at
the higher densities to 85 for the heavier wings at the lower densities.
Experimental data, including Mach number, test density, mass ratio, flut-
ter velocity, and other pertinent informstion, are listed in table IV.

For the 60° delta wings, with the exception of the magnesium flat
plate, the test Mach numbers ranged from 0.6 to 1.1. Flutter was
obtained from M = 0.7 to M = 1.0. The mzss ratio for these tests
renged from 7 to LO. Figure 8(a) shows a plot of q against Mach num-
ber for the 60° foil-covered wings. Figure 8(b) shows a plot of g
egainst Mach number for the 60° magnesium flat pilate. The 60° flat plate
fluttered over a range of Mach numbers from O.% to 1.1 =2t values of pn
from 8 to 34. In the lower Mach nuriber range, 1t was vossible to flut-
ter the wing in two modes, depending on the test technique, with the
higher mode flutter occurring at the lower values of density. The fre-
dquencies given in the key are the flutter frequencies.

For the 53° 8! delta wings, flutter was obtained over a Mach number
range from 0.5 to 0.9. For the spruce wings there was & marked Mach
nurber effect which decreased the value of q necessary to avold flut-
ter et M = 0.9 to a value that could not be obtained in the tunnel
because of a minimum density limitation. Consequently, no flutter was
obtained on this wing at the higher Msch numbers. The values of u of
the tests ranged from 1 at the low Mach numbers to 75 at the high Mach
numbers. Figure 8(c) shows a plot of q against Mach nuriber for the
539 8! wings.

The tests of the 45° model were inconclusive. Although a number
of tests were made on this plan form, only one discrete flutter point
was obtained. This point was for the foil-covered wing (wing 12) and
resulted in failure; therefore, flutter at other Mach numbers could not
be obtained. Tt mey be seen from the high-speed flash photographs shown
in figure 9 that the oscillation of the 45° spruce wing (wing 11)
involved a large amount of camber. Since the instrumentation was not
designed to respond to stresses in the chordwise direction, the actual

L]
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character of these oscillations could not be too well determined from
the straln-gage signals. It was also difficult to determine a definite
flutter point. The difficulty in this respect was that the wing would
start = sustained low-amplitude oscillation at low speed or density and
the amplitude would build up gredually as the speed or the density was
increesed -~ ruck as though the wing were being forced by a vibrator.
Consequently, the data presented in table III for this wing (wing 11)
should be used with caution. In addition, the wing seemed to respond
in different modes at random, slthough the higher modes occurred pre-
dominately at the higher values of dynamic pressure.

DISCUSSION OF EXPERIMENTAL DATA

Perusal of the test results reveals several points of interest.
Figure 10(a) shows a plot of the nondimensional stiffness-altitude coeffi-

br‘“a, s - 0 = .
v, V“e,r against Mach number for the 60° delte wings, except
the flet plate. In this plot, constant altitude would be indicated by
a straight horizontsl line and constant dynamic pressure, by a straight
line through the origin. In addition to the tests made in the 8-foot
transonic pressure tunnel, results obtained in the Langley supersonic
flutter apparatus at M = 1.3 on a wing with a simlilar frequency spec-
trum are also placed in this figure in order to extend the curves to
supersonic Msck numbers. With one excevtion, these wings fluttered at
frequencies lower than either second bending or torsion. With the
stiffness-cltltude coefficient used as a basis of comparison, it is
obvious that the wings with the second berding frequency lower than the
torslon frequency are more likely to flutier than wings for which the
opposite is true. It is interesting to note that for these 60° delta
wings, over tlhe range of Mach numoer considered, that the transonic
range 1ls apvarently the critical flubtter region as was the case for the
unswert and swept wings reported in references 1 and 2.

cient

Figure 10(b) shows a plot of the stiffness-altitude coefficient
against Mecr number for the 60° delta flat plate (wing 10). This con-
figuretior is felt o be of interest since its mechanical properties
can be easily duplicated or scaled for possible comparison or extension
to other Mach number ranges in other facilities. In order to extend the
range to higher Mach numbers, a test point from reference 8 is shown at

M = 1.3. Reference 8 uses the third mode as w, but since the third

mode of wing 10 was not a clear torsional vibration the second mode was
used =5 a reference frequency and the point taken from reference 8 has
been adjusted accordingly.

=l
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Figure 10(c) shows a plot of stiffness-altitude coefficient against
Mach number for the 53° 8' delta wings. Although the limitation of the
minimum opersting density of the tunnel prevented obtaining flutter
information above a Mzch number of 0.9, there is apparently a much more
pronounced. Mach number effect in the transonic region than for 60° delta
wings. In addition to the tests made in the 8-foot transonic pressure
tunnel, results cobtained in the Langley supersonic flutter spparatus
on a vwing with e similar frequency spectrum are placed in the figure to
extend the curve into the supersonic range. This test polnt indicates
that the curve does turn back as in the case of the 600 delta wing. A
comperison between the 53° 8' wings with the different frequency spectra
mey not be completely justified since the wings with the torsional fre-
quency lower than the second bending frequency fluttered at higher fre-
quencles, relative to the nsbtural frequency spectrum, thar the wing for
which the opposite is true. There is, however, a definite difference in
the flutter boundary for the itwo wings. The trend found in the 60° wings,
that is, that the wing with second bending frequency lower than torsion
frequency is more likely to flutter, is reversed for the 53° 8' delta
wings. The reason for this anomaly is not known.

It is interesting to note that for both the 60° and 53° 8' plan
forms, the wing more likely to flutter had the torsion node line farther
back on the wing tip.

COMPARISON OF EXPrRIMENTAI. WITH CATCULATED RESULTS

As a means of normelizing the flutter date obtained on the various
wings, - simplified flutter-speed calculations bssed on the method of ref-
erence T have been made on a few sample cases. This flutiter speed Vg

is calculated on the basis of two-dimensional flow (strip analysis) with
the effect of mode shape and the angle of sweep included. Aerodynamic
coefficients for two-dimensional incompressible flow were employed in
conjunction with two degrees of freedom (first natural bending and first
natural torsion). The frequencies used were the freguencies obtained

in the vibration tests of the wings. The air density used was that at
the start of sustained flutter. The sections considered for the geo-~
metric, mass, and inertia parameters were the streamwise sections end the
mode shape taken perpendicular to the free stream; therefore, in these
resvects the sweep angle of the leading edge dld not enter into the cal-
culation. On the other hand, in the various terms of the flutter-
determinant elements, where the sweep angle or some function thereof was
required, the sweep angle of the leading edge was emvloyed. For exarple,
consider the A,-term of equation (19a) of reference 7. (See the equation

after eq. (206) of ref. 7.) This may be rewritten as follows:

b
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A ten®A 1
SR K2<1 —)({l}+A )tanA {5 e @}

where K, K, and Kz =are constants depending on the mode shape, 1°
is length taken perpendicular to free stream, b,, 1is the root semichord

taken in the free-stream direction, A 1is the sweep angle of the leading
edge, k, 1is based on the free-stream semichord and the velocity over
the wing in the free-stream direction, A 1s defined in reference 7,

and Ay, 1s based on values of ¥ and G vwhich are functions (of kn)

associated with the wake developed by Theodorsen in reference 9. The
terms in the special bracket {: :} are oiten neglected.

After the flutter-speed coefflcient V]bau was solved for the

velocity V +the reciprocal of the cosine of the leading-edge sweep
angle was used as a multipiying factor to obtain the value of Vi listed

in table IV.

In view of the simplifying assumptions made, the reference flutter-
speed celculation snould not be expected to predict accurately an experi-
mental flutter speed. Rather, it may be considered as a common denomi-~
rator which serves to eliminate in part the effect of certain wing param-
eters in order that the data presented may be made more general.

The resuits of the flutter-speed calculations are presented in fig-
ure 1i as a plot of V,/VR agalrst Mach number. It may be seen that,

for the majority of the test points, the ratic is less than 1.0, which
means that the cealculated value is uncorservative but becomes more con-
servative with increase in Mach number. The calculations indicate the
same trend as that found for unswept and swept wings (refs. 1 and 3);
that 1s, cver the range investigated, the calculatlons tend to become
more conservetive at Mach nurbers above M = 0.9, but there are not
sufficient data to allow a positive statement in this regard. In two
cases (wings 1l and 9), celculations were made using three modes - first
tending, second bending, and torsion. In one of these (wing 1), the
ac¢dition changed the value obtained by only 5 percent although the exper-
imental flutter frequency was slmost the samne s the second bending fre-
quency (third mode) of the wing. For the other celculation (wing 9),
tre addition of the second bending mode (second mode) increased the cal-
culated value by sbout 50 percent and resulted in excellent agreement
with experiment.

A simpler rmethod for determining calculated speeds is presented in

reference 4 in the form of arn empirically derived criterion. This may

b Y
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be used as an altern=ste method if the required stiffness data are avail-

able. This criterion is presented below:

ng \1/2 (0-9 - 0.33%) (0.77 + 9_;];) (0.95 + 2—“}) 3 /2 3
Vi = (poscmz) 0.78(g - 0.1) see (A T 16,
Vs = Vl(l ~ 0.166M; cos A) M = vlla
where
a velocity of sound, fps
mg torsional stiffness measured at 0.7 span, ft-1b/radian
Py test density, slugs/cu ft (po same as pg of this paper)
s exposed semispan, ft
Cm meen chord, ft
k taper ratio (Tip chord/Root chord)
r stiffness retio, z¢cm?/0.8lmese
Z¢ flexural stiffness measured at 0.7 span, f£t-1b/radian
Oy wing density, Weigh: c;g Wing 1p/cu fi
A leading-edge sweevback, radians
g section center of gravity in fraction of chord

For this criterion, as in the case of Vg, the cealculated speeds

were generally somewhat unconservetive. The criterion also seemed to
break down wnen higher modes were involved in the flutter or when the
density at fiutter was much less than two-thirds standard etmosvhere.

L 0.000238
pe

flutter speed predicted by the criterion improved the sgreement with
experiment. The calculated vaiues of the predicted flutter speed are
listed in teble IV.

A density correction used as a multiplying factor for the

Y
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SUMMARY OF RESULTS

Flutter tests have been msde in the algh subsonic and transonic
speed range on delta-wing plen forms with leading-edge sweepbacks of 60°,
530 8!, and 45° at ¥ach numbers M from O.} to 1.0. The following
results were noted:

1. One result of the 60° tesits was that, for comparable wings (that
is, approximately equal size, torsional frequency, and weight), the ratio
of second bending frequency to the torsional frequency had a marked effect
on the flutter velocity, the wings with the value of the ratio less than
1.0 being more likely to flutter than the wings for which the opposite
was true.

2. For the 53° 8! wings, there was a marked effect in a direction
opposite to that for the 60° wings, but & comparison may not be justified
since the wings with the different frequency ratios fluttered in differ-
ent flutter modes.

3. There was a marked compressibility effect on both the 60° and the
53C 8! delta wings in that both plan forms were more susceptible to flut-
ter in the low transonic region (M = 0.9 to 1.0) than in the high sub-
sonic range (M = 0.7 to 0.85). This condition chenged rapidly in the
case of the 60° delta wing and the indication is that at Mach numbers
slightly over 1.0 the likelihood of flubter is greatly reduced. This .
result leads to the conclusion, previously drawn for unswept and swept
wings, that for a given altitude over the range investigated, the tran-
sonic region is the region where fiutter is most likely to occur. -

L, Simplified flutter calculetions involving two-dimensional incom-
pressible coefficients, two modes (first bending and first torsion), and
sweep kave been made for a few cases and generally the answers derived
from the calculetions are sorewhat unconservaetive although in four of
the ceses calculated the reverse is true.

5. The eddition of the third mode (second bending) to two of the
cases calculated made very little difference in one of the answers
obtained although the flutter frequency was very close to the second
bending frequency. In the second calculation, the calculated speed was
increased by about 50 percext and agreed very well with the experimental
value.

6. The caleculations indicate the same trend with Mach number as that
found for swept and unswept wings; that is, over the range investigeted,
the cslculations tend to become more conservative at Mzsch numbers above
M = 0.9 but there are not sufficient data to allow a positive statement
in this regard.
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T. A comparison has been made of experimental flutter speed with
speeds obtained from an erpirically derived criterion which involves
test .density and geometric, stiffness, and mass characteristics of the
plan form. The predicted speed was generally somewhat unconservatlve
and apparently the criterion is not applicable &t low test densities or
to flutter involving higher modes.

Langley Aeronauticsal Leboratory,
National Advisory Cormmittee for Aeronautics,
Langley Field, Va., Nov. 9, 1956.
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TABRLE T.~- STRUCTURAL JNFLUENCEK COEFFICIENTS AND

RELATED INFORMATION AS INDICATED IN FIGURE 3

(a) Wing 1

Deflections for a 6-1b load, in inches, at loading slution -

Loeding
station 1 2 3 I 5 6 7 8 9 10 n 12
1 0.7270 | 0.163 | 0.0211 | 0.0024 | 0.6639 | 0.2399 | 0.0660 | 0.0053 | 0.6645 | 0.2434 | 0.0865 | 0.0053
2 1729 1306 0235 0037 1396 0880 L0367 0045 1030 L0513 .0155 .0006
3 L0370 L0hoL .0199 .0028 0166 .0119 .0066 0013 .0129 .00k5 .0008 0000
) .002% L0031 .0028 .0012 0005 .0009 . 000k .0000 .0002 .0000 L0000 ,0000
5 6639 1396 0166 L0005 1337 2365 ,0h3L ,0032 .6505 2302 .0576 ,0066
6 2399 0880 .0119 L0009 2365 1356 .0%08 .0016 1835 L0043 .0292 ,0028
T .0660 L0367 0066 000k o3, .0308 L0176 0003 Lolhe 0251 0087 .0000
8 .0053 0045 .001% L0000 0032 .0016 .000% .0008 0009 L0011 0007 .0000
9 6645 1030 .0129 0002 .6508 .1835 .0hli6 ,0009 1.0192 3195 L0770 .0079
10 L2h3h 0513 0045 .0000 2%2 L0943 0251 L0011 5195 .2560 07h9 .0085
1 0865 .0155 .0008 0000 .0576 .0202 0087 .0007 0770 079 .0581 .0085
12 L0053 0006 .0000 .0000 0066 .0020 .0000 .0000 0079 .008% .0085 L0045
Mass of numbered segmrents
Loading station ) U, H, (indlcated by dashed lines in fig. 3),
1b-sece/in,
1 0.9905 | -0.5190 0.0423 0.4048 x 207"
2 L2796 LShhh S1207 1.7849
3 L0516 1397 2837 4,1763
h 0036 LOL(5 -.0320 7.9762
5 L9587 | -1.0000 0564 koo
6 3859 083/ 3406 2.1426
7 .101LL L5hk 1837 5.120%
8 .0068 0L .0246 9.7962
9 1,0000 -.8088 | -1..0000 2661
10 1536 .7082 -.6970 1.221%
1L 450 4749 ~.2785 2,7h63
12 0143 .0688 -,0490 4,845
feale,r CP8 + o o 3h.0 85.0 2.5
fexp.: CPB . . 29.8 88.0 78.0

9230GT W VOVN
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TABLE I.- STRUCTURAT, INFLUENCE COEFFICIENTS AND RELA''ED INFORMATION
AS INDICATED IN FIGURE 5 -~ Conlinued

(b) Wing 3

8T

Toading De.t‘]_.ecttons for a 6-1b load, in inches, at loading station - ~
slatlon 1 2 ) b 5 6 T 8 9 10 1 12
1 0.2%91 | 0.0636 0.0105 0.0000 0.1989 | o.or76 | o.orrt 0.0015 0.1617 0.0680 0.0264% | 0.0042
2 0871 .O7h3 L0199 L0016 0683 .0hs2 L0159 .0018 L0500 L0234 0086 .0014
5 01 .0108 L0175 .0020 L0101 .0089 .00kg .0008 L0, 001k 000k .0000
[ 0000 L0015 .0018 .0016 0002 .0005 L0003 .000L .0000 L0000 0000 .0000
] .2022 050k .0080 0000 2225 07356 0168 .0012 2178 .0921 036k, .0058
[ .0991 .0hko .0090 000k L0955 0623 .0183 .0018 0889 .0502 .0218 .0028
i 0235, L0155 et L0002 0219 0116 0127 L0015 0178 L0110 .0056 L0010
8 .0000 L0011 0005 .0000 .0008 .0013 0016 .0010 L0002 L0003 .0002 L0000
] 1662 L0h00 .00L8 L0000 2262 L0687 L0153 .0006 3159 1212 .0LG0 .0036
10 L0691 oL .0018 L0000 .092h .0392 L0090 0003 1182 .0888 0388 .0062
11 L0340 .0090 L0010 .0000 L0469 .0218 .0059 0005 0562 L0507 0319 L0071,
12 . .00L5 L0009 .0000 L0000 0066 L0034 L0009 .000L .006% 0069 .0062 L0037
Mass of numbered segments o
Toading station By Hpsy Hy (indicaled by dasbed lines in fig. 3),
| 1b-secd/in.
1 0.9360 | -1.0000 0.1083 0.3789 x 10~}
2 Jhoks 1410 .9k26 1..633%
3 .1083 .2252 28 3.9091
b .0061 .0328 .0k39 7.4659
5 9651 -.8h65 ~.1281 L85k
6 .5683 .0856 .1995 2.0928
T .1708 1928 2103 5.0101
8 .0112 L0311 0310 9.5686
9 1.0000 -.6992 | -1.0000 .2269
10 5187 3572 -.7126 1.0k11
1L .304], 5868 -.5367 2.3411
12 .Olih2 .118% -.0011 L 712
feglc,s OPS « o . 58.0 ! 1k.0 . 10k.0
Texp.s CPE - » . 51.0 l 2.0 | 115.0

9ZN96T W VOVN



TABLE T.- STRUCTURAL INFLUFNCE COFFFICIENTS AND RELATED INFORMATION

AS INDICATED TN FIGURE 3% - Continued

(c) Wing h

Loading Dellections for a 8-1b load, in inches, at loading station -
station 1 2 3 4 5 6 7 8 9 10 1 12
1 0.3872 | 0.,0008 | 0,0096 [ 0,0000 | oO.k1hk | 0,2600 | o.oh12 | 0,0020 | 0.k50% | 0.2098 | 0,07%0 | 0.0076
a L0011 0603 ,0116 .0000 L0001 0572 .0239 .0020 .0B27 0498 0215 .0025
3 .0100 0113 .0105 000k 0078 L0071 0049 .0010 0056 .0029 .001.3 0001
h .0000 .000). .000k L0013 .0000 .0000 .0001 .0000 .0000 .0000 .0000 0000
5 LT} L0864 .0080 ,0000 .hgoo .1692 .0k16 .0016 ShT6 25044 .0872 .0096
6 1601 .0582 ,0072 | -,0001L 1707 ,0909 L0271 .0015 1766 .1085 .0k62 .0051
T L0397 0235 L0054 0000 .0409 0266 L0137 L0011 .0796 .0262 0132 .0020
8 .0022 .0023 .0013 .0000 .0018 .0015 .00).2 .0009 .0009 .0006 ,0005 .0001
9 A2 .0836 006k .0000 5596 .1800 .0h00 0016 6856 2912 .099% 010k
10 .2100 L0484 L0056 0000 2552 .1080 .0268 .0008 .2860 ,188L 0732 008k
1. 0762 .020k .0012 .0000 0948 0476 .0136 L0004 L0964 0736 .0b56 .006h
12 .0085 .0026 .0002 .0000 0115 L0059 L0021, .0001. .0107 .0088 .0068 .0037
Mass of numbersd segments
Loading statlion EhJ Eha o, (indicaled by dashed lines in fig. 3),
) lb-gec?/in,
1 0.77557 | -0.1h77 | 0.96284 0.5062 x 107"
2 21,523 57982 L162y 1,9015
3 02110k 18219 21771 k. k00O
N 00013 00391 00541 8.2052
5 00833 | -.56079 LT7307 601k
6 57250 .32116 -.099h5 2,h942
1 10159 .26L02 03355 5.0883
8 .00522 03719 03409 11,1731
9 1.00000 | ~1,00000 75000 3173
10 52539 | -.1h4ok | -1.00000 : 1.2071
11 .21191 .0729% | -.9007T 2.6175
12 0264k .02006 | -.16h9% 4.8997
foale,r CPB .+ .« . k2.0 112.0 k2.0
fexp,) CP8 .. 36.0 105.0 131.0

92M9GT WM YOVN
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TABLE T.- STRUCTURAL INFLUENCl COEFFICIENTS AND RELA'KD INFORMATION

AS INDICATED IN FIGURE % - Continued

(a) Wing 7

Deflections for a 8-1b load, ln inches, at loading stalion -

Loading e ]
stalion 1 2 3 b 5 6 " 8 9 10 11 12
1 0.3312 | 0,078k | 0.0092 | 0.0000 | 0.3580 | 0.1248 | 0.0%2% | 0.0030 | 0.326k | 0.1604 | 0.06l2 | 0.0108
2 76 .0hs3 010N .000L L0618 .0h32 .N199 .0025 L0600 0355 L0183 0030
3 0087 L0004 0091 OO0k .0067 .00kQ .0050 L0013 .0050 001/ L0012 .0002
b L0000 L0001, 000k L0015 L0000 | -.000k 0000 .0000 | -.,0012 | -,0010 | -.0008 .0000
5 .3580 062k L0076 L0000 RAT 212 L0416 .0012 Jlises L1904 0696 .0108
6 .128); .0k32 0066 -.000% .1298 L0705 .0228 L0017 1252 L0806 .0h09 .0056
i L0300 0199 .0050 0000 .0%02 0216 L0123 .00L% .0265 .0200 0128 0027
8 .0030 L0023 L0013 .0000 .0012 0017 001k .0012 .0016 .0012 0008 .0002
9 . 526k 0596 0052 | -.0012 4588 1232 0332 .0016 6560 .2288 L0788 L0Lh0
10 L1600 L0393 0032 | -,0010 .1800 .0792 .0200 .0012 .2000 .1508 L0612 L0111
1 .0612 0183 .0012 -.0008 0672 .0l0g .0128 .0008 080k 0580 L0408 .0096
12 .0108 .0030 .0002 -0000 ,0100 .0056 | 0027 .0002 L0Lk0 .0111 .0096 .0060
[ Mags of mumbered seguents
Losding slallon By LIS H, (indicabed by dushed lines in fig. 5),
1b-sec?/in,
1 0.7(07 | -0.2205 0.957 0.476k x 20°4
2 . 1983 3515 5230 1.7%52
3 0237 1022 .2612 k.110%
N -.0019 -.0018 .0358 T.6153
5 8oy ~.6178 7360 5429
6 .5528 2832 .0576 2.2h00
T 068k 219 .1010 5.4012
8 .0076 L0301 0383 10.1355%
9 1,0000 -1.0000 -.101), 2946
10 S8y Jakl | -1.0000 1.1181
11 2136 220k -.6839 2,5562
12 L0382 .0565 -.2301 L.6352
fealc,s PS5 . . o 49.0 116.0 5.0
Texp,, P8 . . . 40.0 105.0 139.0

ce
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TABLE I.- STRUCTURAL INFLUENCE COEFVICTENTS AND RELATED INFORMATION

AS INDICATED IN FIGURK 3 - Continued

=
(e) Wing 3 R
(-]
"8 S
Loadlng o i Daflections for a 9-_."I.'t‘) load, in inches, al loading sta.'lij..oix_ : N \L-‘n
statlon 1 2 3 I 5 6 7 8 9 10 11 12 %\
1 0.3168 | 0.0630 | 0,007% }J—.obab ) "_6.—3;5-); 1 0.1208 0,0%21 0.0024 | 0. 51486_ " 0.1620 | mo'.'t_)567 0.0072 (o3
2 L06ED LOh3T ,009), 0001, L0635k 0399 L0103 0023 L0597 L0369 0163 0024
3 0080 .0095 .0088 .000h 0067 ,0057 00k} 0012 .00h2 L0027 .0012 .0003,
h .0000 ,0002 0006 ,0012 .0000 .0000 0001 ,0001L ,0000 .0000 .0000 .0000
5 3378 L0609 L0063 0000 Lsy ,125 ,0318 . 0024 4671 .1980 .0669 .008h
6 120k .0h02 L0057 0000 J27h L0660 0209 0019 1338 L0831 L0361 .0050
7 0312 .0176 .00k2 .0001 ,0320 .0209 .0115 ,00LY 0312 .0227 0108 .0020
8 .0026 .0024 0012 .0000 .0022 .0016 .0013 .0009 001k .0010 .0006 .000],
9 3555 .0582 L0048 -.0003 1725 1323 L0321 .0018 6201 2361 .0600 .0099
10 1620 0369 0027 0000 1977 0046 .0210 ,0012 23507 1512 059k .0081,
11 L0576 017k 0015 .0000 0690 0363 .0108 .0006 0786 0645 .0393 .006%
12 .0083 .0028 .0001 .0000 .0085 L0045 .0020 0001 .0110 .0098 .0065 000
H
Mass of numbered segmenis
Loading station By By, Hy, (indlcated by dashed lines in Tig. 3),
} lb-gec?/in. J
1 0.7h164 | -0.18903 | 0.96926 0.4490 x 10~k
2 ,18570 .hoBoz LBTTOh 1..9176
3 02397 13601 . 32703 b haeh
h ,00022 00523 ,01521 8.3170
5 86805 | -,59646 65473 5738
6 33782 27895 .03993 2,581
ki 00821, 21707 .16009 5.8028
8 00731 03330 .06589 10,998k
9 1,.00000 | -1.00000 2221 3077
10 .505%2 06572 | -1,00000 1.2633
11 .20701 20462 | -,911k9 2,7515
12 .03005 LOh390 | -.19208 5.1503
Tople.s D5 « . 50.2 127.0 155.0
Tayp.2 CPB o o o k2,0 111.,0 148,0




TABIE I,- STRUCTURAYT, INFLUENCE COENFICIENIS AND RELATED INFORMATION

AS INDICATED IN FIGURE 5 - Countinued

(£)

Wing 11

P

Detlectlons Tor a 15-1b load, in inches, at loading statlon -

ading — - —_ ——
station [ 2 3 4 5 6 7 8 9 10 11 12
1 0,191 | 0.0585 0.0162 0.0018 0,161k 0.056k | 0.0153 0.0021 0.1395 | 0.0k56 | 0.0111 0.0012
2 050k .Okpg .01kl L0016 Olr8 0260 009k L0016 .0L26 L0169 .0050 000k
3 .0156 .0136 .0108 0017 L0136 .0089 L0038 0007 L0117 L0050 .00} .000L
L .0015 .0015 .0017 .0011 L0016 L0011, 0006 L0001 .0008 000k 0000 L0000
5 L1602 .0hgy 0135 .0015 L7h3 L0575 .0159 .0021 785 0575 .0159 .0018
6 .0558 0278 0002 L0009 L0561 .0310 L0105 0019 .057H .0%0k% .0098 .0012
7 L0161 0092 L0039 .0005 L0165 L0117 L0063 0013 OL76 .0105 .0039 0006
8 .0027 .0017 0007 L0001 .0025 0021 .001h .0006 .0026 .0019 .0009 .0002
9 A3k L0k20 011k L0009 A7h6 L0579 L1 .0025 - 0753 0207 L0024
10 N7 L0165 0048 .000% 0585 L0309 L0104 .0018 0762 L0705 0237 0053
11 0117 L0045 001 % L0001, L0161 0103 .00k, .0007 .0210 .02k 0227 L0036
12 .0013 000k L0001 .0000 0022 000k .0005 .0001 .0027 -003h_ .0035 .0027
h Mass of numbered segmwents
Loadlng station By, By K, (ndlcated. by dashed lines in £ig. 3),
1b-gec?/in.
1 0.9462 | -0.739k | 0.6903 1.6632 X 1074
2 .ko89 5276 5691, 9.1503
3 1382 .2661 2630 20.202L
i 016k 046k .Ok35 35.1197
5 9590 -.858 .1o8L 2.1269
6 L2gh 0950 .0251, 11,1036
7 1506 .13 ~,0025 25.0596
8 .0273 0372 -.0050 1y, 6891
9 1.0000 | -1.0000 ~. 3735 .9430
10 .L864 L1268k | -1.0000 5.6891
1 L1718 2551 -.65T2 12.13(3
12 .0236 .0k3h -.1154 20,9870
fegle.s CPB o . . 18.9 115.0 oh.3
rexp_, cps . 5.5 90.0 108.0

cc
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TAGLE, I.- STRUCTURAL INFLUFENCE COEFFICIENTS AND RELATED INFORMATTON

AS INDICATED IN FIGURE 3 - Conlinued

(g) Wing 12
Loading Deflections for a 14-1b load, in inches, &t loading statlon - )
station 1 2 3 b 5 6 7 8 9 10 1. 12
1 0,757L | 0.2331 | o.okkl | 0.0018 | 0,7965 | 0.3045 | 0.0812 | 0.0088 | 0.785L | 0.3%48 | 0.1061 | 0.0126
a .2365 1403 .0350 .0017 2359 1409 0507 0063 .2309 1400 0581 .0068
3 .0k27 0340 .0216 .0021 .0409 0300 016k L0031 0377 0215 L0111 .0015
I .0008 .0015 ,0018 L0017 0007 .0012 .0007 .000% 0002 0007 .0002 .0000
5 J875 2345 0420 001k 8728 3178 .083% .0088 9202 L3843 1162 oLy
[ 3135 1406 .0308 .0012 3056 17h6 .0562 .0063 3276 .198L Ok .0100
T 0795 .0h97 0168 L0010 .0832 L0551, .0260 .0036 0810 0565 .0298 .0052
8 .0082 .0068 L0037 0005 0086 .0070 .0040 .0015 .0079 0066 .0037 .0007
9 .T949 2296 .0%92 0007 9317 3318 0833 ,0084 | 1,0654 D039 .laké 0161,
10 J3hat 1316 .0252 .0007 3002 L1974 L0867 .0060 .hoo2 .2695 .09h2 .0130
11 1043 L0511 .0ll2 .0002 L1160 .07hO .0296 .0032 1210 .09k5 .0626 .0105
12 L0113 0063 001k .0000 013k .0098 .00h8 .0006 L0k .0129 .0101 ,0057
Mass of numbered segmenls
Loading station T, By, K, (indicated by deshed lines in fig. 3),
1b-gec®/in,
1 0.8762 | -0.5147 0.6963 2.0393 x 104
2 3266 4308 T35 T7.0067
3 L0676 .207h L4375 14.5990
L .002% .0155 .Olk2 25,0951
5 .9525 - Th95 +1680 2.2758
6 NI 3218 .000% 8.1435
T 1256 2672 . 1006 17.5391,
8 .01k5 .0l66 L0l 28.9886
9 1,0000 | -1.0000 -, 2481 1,5391
10 4956 .2506 | -1..0000 L
1), k2 3219 - 9,543%
12 0230 .0620 -.1518 16,1013
fca]_c', CPB ., « 20-9 57.5 811-.0
fexp.: cps 21.0 52.5 T7.0
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YAPLE I.- STRUCTURAL INFLUENCE CCEFFICIENTS AND RELATED INFORMATION

AS INDICATED IN WICURE 5 - Continued

(h) Wing 14

Deflectilons for a 12-1b load, in inches, at loading stalion -

Loading
wlation 1 2 3 b 5 6 T 8 9 10 1 1
L 0.1986 | 0.0532 | o.o1ah | ©0.0005 | o.1%¢k | 0.57k | 0.0159 | 0.0022 | 0.1257 | 0.0u6L | 0.0132 | 0.001¢
2 L0927 LOn0 L0130 .0008 012 .02k2 .0095 L0014 ,0308 .0lgh .0038 .0001
5 .0123 L0151 .0110 0012 .0088 L0063 .0030 .000% L0061 L0024 .0007 .0000
y 0009 L0012 .0015 .0012 L0007 .0005 .0003 .0000 .0003 .0001 0000 L0000
) L1500 .0ho2 L0081 0002 .1855 L0597 .0160 .0020 ,1855 L0668 L0187 L0021
6 L0565 .02k7 L0062 L000L L0586 0743 .01k .00L% .0576 .0208 .010% .0012
1 L0168 009k L0051 .000L 0162 L0113 L0067 L0012 0157 0091 L0035 L0003
] .0026 .0018 L0006 .0000 002k L0018 L0011 0007 .0021 L0011 L0005 L0001
9 .12k .099;{ L0052 L0001 .1879 L0591 0154 .0020 L3302 L1076 0290 L0034
0 Ohfh L0152 002k L0000 L0703 0508 .009% L0010 1068 0080 L0548 .00k
1L LOLhL L0U%8 L0006 .0000 .0200 .0107 .0036 .0003 .0297 .03k} .0295 .00kT
12 L0016 .000% L0000 .C000 .0023 L0014 0004 L0000 .0036 L00N7 0052 L0055
Mass of numbered segments
Loading station Ty By, Hy, (indicsted by dashed lines in fig. 3),
Lb-gec2/in,
1 0.76920 | -0.24290 | 0.94g9a7 1.36140 x 10-%
2 .26915 . 36389 687317 5.12850
3 07120 .19785 26757 11.2%601,
h 00603 02576 03167 19.7909%
5 83933 | -.54309 « 30095 1.65725
6 34510 .13843 L2194 6.53497
7 L1126 11783 .11109 1h.61554
8 01718 02468 02670 26.03627
9 1.00000 | ~1.00000 | -.7h970 1.02280
10 .4ool8 245k | -1.00000 3.52008
1 .18076 33152 | -.57491 7.37303
12 02502 .06876 -.10692 12.653%63
foale,s ©P8 « o . 5L.1 1140 9.1
fexp.s CPB . . . 52.0 115.0 87.0

we
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PABLE I,- STRUCTURAL INFLUENCE COMFFICIENTS AND RELATED INFORMATION
AS INDICATED IN FIGURE 3 - Continued
(1) Wing 15

Londing Defleciions for a 10-l1b load, In Inches, at loading station -

station 1 2 3 b 5 6 7 8 9 10 n 12
1 0.4285 0.1155 0.,0140 0.0000 0.4655 0.1735 0.0h32 0.0040 0.4585 0.2050 0.0635 0.0085
? L1167 07T .0156 000k .1156 L0737 0267 .0033 1095 L0650 0266 .0038
3 L0156 L0151 L0126 .0010 LOLhL .0l12 0071 L0017 L0076 0050 .0023 .0002
L 0000 0003 .0008 L0013 .0000 0000 0000 0001 0000 0000 .0000 0000
5 610 1155 0155 0000 5205 1865 LOhhs5 .00k0 5720 2405 0755 .0100
6 1725 L0760 .0L15 L0000 .1896 1077 0302 0030 1873 1169 048k .0069
7 .0h26 .0269 .0072 ,0000 .09 0295 0L .0020 0439 0306 L0151 .0028
8 .0028 0026 .0016 0001 .0025 .0021, .0015 0007 .0008 0011, .0008 0001
9 BT .1080 .0L10 .0000 5770 .1910 00 0035 .7200 2860 .0090 .0120
10 .2050 L0645 0070 ,0000 .2h55 L1145 0310 0020 .2655 1830 L0650 .0095
1 0661 0277 .0032 .0001, 0830 L0490 .0158 0013 0897 .0700 .0k70 0082
12 0084 .00%5 0002 L0000 .0L02 006k .0028 .0003 0005 0087 .0076 .00k

Mass of numbered segments
Loading station Wy Ty H, (lndleated by dashed lines in fig. 3),
1lb-gec /in.

1 0.7953 | -0.3994 0.9952 1.3158 x 10-4

2 2578 | .h370 6154 L .5767

3 .03 L1462 3366 9.6389

h .0002 .00k0 .0137 16,7288

5 .9017 ~.6596 6167 14751

6 .3918 . 3605 -.0118 5.5663

i 1055 .2157 .0689 12,1104

8 0063 .029h .04h6 21.3516

9 1.0000 | -1.0000 -, 2257 1,0365

10 JDiga3 1594 | -1.,0000 %,3430

11 .1926 3239 -."7010 6.71124

12 0249 .0591 ~.1h85 11.3430
Lonle.s €PB « o« 28.2 75.8 95.3
Texp.s PO+« » 24.0 67.0 81.0
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ABLE I,- SYRUCTURAL INFLUENCEK COEFF.ICIENTS AND RELATED YNFORMATION

AS INDICATED IN FIGURE 3 - Concl ded

(J) Megnesium £lat plate

Deflections for p 6-1b load, in inches, at loadlng station -

louding
station 1 2 5 I 5 6 7 8 9 10 11, 12
1 0.4670 0.203h 0.0k 0.0040 0.479% 0.2598 0.0976 0.0148 0.68 0.2'(32 0.1296 0.0278
2 2049 .1505 L0539 L0057 1915 1571 0728 L0154 1780 .1155 .0598 0150
5 .0k80 L0519 .0%50 L0067 LOLLo L0491 .0290 .0098 L0750 021 L0135 L0035
b L0035 0046 .0063 L0049 0010 .0019 .0022 .0012 0012 0007 L0006 .0002
5 L5k .1926 .0b&h .0032 5068 2569 .0962 L0126 5152 2996 .1360 .0zgh
6 .2555 1301 L0410 0322 2513 1594 0690 .01i2h 2521 1586 L0798 .0186
7 L0943 070k .0288 0028 0969 o700 .Ohz8 L0002 L0859 L0587 L0433 L0002
8 L0179 L0131 .0089 L0013 .0008 L0117 0084 .00kT .0068 .00L8 003k .0011
9 4894 .106L .0k16 .0028 .52h8 2578 .0896 0116 5512 .3168 .1h20 .0302
10 .278L 1152 .0259 001 .2951 1596 .0595 .0083 5126 .2027 0985 .0207
11 1246 L0571 L0136 .0009 1332 .0805 L0352 .00kE L1430 .101k .0589 L0148
12 .0260 .0L38 .0030 .0002 .0256 0175 0087 .00Lh .0252 L0193 L0127 0065
Mass of numbered scgmenls
Loading station nh]_ LIPS Hy (indicated by dushed lines in fig. 3),
1b-sec2/in.
1 0.9515 | -0.2900 0.0%28 1.4%(8 x 10-4
2 JAh2h 1.0000 .0829 3.695T
3 JL7L .6900 .13%9 5.9536
4 .0071 L1045 L0242 8.3239
5 9135 -, 1063 1.0000 1.550%
6 -53098 3595 - 3.8082
1 2257 .5%05 .0189 6.0661.
8 0297 L2037 .0%52 8.3239
9 1.0000 ~.972k - 1673 1.kow1
10 .6005 -752 =378 3.7520
1 2923 ~.1451 - 3hhT .
12 .0598 .0192 -.0794 8.3239
fonle.s CPB + o . 19.0 54,6 5.7
Texp,? CPE o . 19.5 60.0 10%.0
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TABLE IT.~ WING PARAMETERS

a . xl, xo, ! r2 'th.’ fha; fa.’

i Sl R percent chord|percent chord N R B Lt cps | cps |cps
1] A 60° | 19.31|2.1h 6.8 Lo -0.200| -0.06%|0.2569| 5.91|29.8| 88 78
21 A 60° | 19.31) 2.1k 4h.6 Yo -.200| -.108] .2478| 5.70/30 | 9k | 81
3|1 B 60° | 19.%1| 2.1k 4.6 Lo -.200| -.108| .2293| 5.80|51.8[148 [113
L1 ¢ 60° | 19.31f2.14 45 40 -.200] -.100| .24%%1| 6.98|36 |100 |128
5 C 60° | 19.31f2.14 45 ho -.200| -.100| .23%68| 5.85|36 (105 [131
61 ¢ 6oo | 19.31)2.1k h5 Lo -.200} -.100| .2402| 6.52{h0 (110 |1%0
7 ¢ 60° | 19.31|2.1k h5 Lo -.200| -.100| .2581| 5.41|39.2|10% |[139
81 ¢ 60° | 19.31|2.1% 45 Lo -.200| -.100| .%040| 5.85|4k2 111 |2148
91| ¢ 60° | 19.31|2.1h 45 .4 Lo ~.200[ -.092| .3022| 6.11|45 112 |17
w| r 60° | 17.00{2.1% 50 50 0 0 3213 7.15(19.5(10k 60
11| D 459 | 32.75|3.8k4 45.5 Lo -.200| -.090| .235h|1k.20]|45.5[108 | 90
12| E 450 | 32,75|3.8L 46.5 Lo ~.200| -.070| .2kb3[11.08f2L | 58 | 81
13 | D | 5398 2h.s56[2.6k L6 ko ~.200! -.080{ .1961{11.h5(55 (126 [ 99
4| D 53081| 2L.56|2.6k hé6 Lo -.200| -.080} .1952(10.83|52 |115 87
15| E | 5398} 2k.56)2.64 16.8 ho -,200]| -.064 .2h27] 9.12]53 64,5 78

B3ee {'igure 1.
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SRS T, NACA RM L56K26

TADLE ZIT.- MODE SHAPLD AND SPANWISE VARIATION CF x-, r°_2, erd pg

= X3 .. x5
Steticn| ‘Tection By, A, | perceas r,2 n 1, E, | rercent r.2 m
ol spar - chord x s - chord « s
Wing 4 Wirg 5
[ 0 o] o] Li,g9 c.2i3L| 6.98] 0 c ik.9 0.2268 | 5.8%
1 Jd110 .Co%9 | .03C5| 4.0 253 6.99] .0039| .0%205| ik.9 2405 | 5.88
2 2222 .c207| .1185| 4b.9 2488 T.00| .C297| .1186| ik.9 2hlz | 5.88
b .3333 0595 | .2526| 4.8 2532 | T.0L] .C6G5| .2526] Lk.S 2682 | 5.89
iy Jhelhx 12891 L4189 | uL.8 2580 | T.08] 1289 .4189| 4.8 2562 | 5.92
5 .5555 216k [ 595 Mh.T L2669 T.1 L2264 5951 ha.T 2660 | 5.97
6 6667 .338 L7365 | 446 27951 7.181 .3383| .7369]| 44k.6 .2810 | 6.04
T LT776 5C23 | .8315] 45.C 3oh5 | 7.52] .5C23) .8315| 45.0 L3060 | 6.36
8 .8889 L7266 L6286 | Ls.k 57| 8.67 J7266) .9285| 45.4 .3535 | T.26
9 1.0000 | 1.0000| .0C00 | 50.2 (€03 ] 19.9C| 1.00C0} 1.0000| 50.2 .586C | 16.75
Wing 7 Wing 8
r
c o} 2 o] 5.1 0.258-| 5.k1] 0 0 k5.2 0.3040 | 5.85
bl L1117 .Co6L | LOLEL[ 45.2 .2630| 5.50] .0038] .0191| k5.3 3122 | 5.95
2 2222 G208 LIz Us.o LZT08) 5.57]  .0199] .1C53] ks.h .3189 | 6.00
3 .3333 Oh06 (L1879 45.0 .2801] s5.65| .0519| .2632{ Lu5.4 33kh | 6,20
4 Jlik L1000 .2908) 45.1 .2943) 5.75 1059| .4976] kk.2 W3169 | 5.92
5 5555 JAG681  JBhEBT 45.1 2551 s5.51| .1879] .7Z21{ L4u.8 334C | 6.12
] .6E6T .%4C0| €580 | 45.0 28051 5.65] .301s .88ck| 45.5 3592 | 6.37
7 J7Te L5200 | .B227| ».9 20961 5.98] .kE25]  .o4Th| 45.2 3315 | 6.3
8 .888s 7220 L9k35[ 15,8 .3390| 6.54 68350 .9602| u5.6 STl 7.2
S 1.000C | 2.0000| 1.0000( S0.4 L6045 | 10,751 1.0000[ 1.000C| =0.4 5117 | 8.55
Wing 9 Wing 10
o] [ c 0 45.5% 0.3022| 6.1if C o] 50.0 c.32135 | T.15
1 L1111 00%Z8( L0191 | 1s5.3 .3097| 6.32| .0165( .0212 .3200| 7.98
2 2222 D195 L1053 M54 L3192 6.37| L0662 1217 3183 | 9.63
3 L3333 L0513 | 2632 5.4 3306 | S.47| .13 275 3162 | 10.40
4 il 069 JhsTh | 45.3 3241 6.28] .2357| L4920 352352 [ 12.25
s 59555 SBTC] J732L| a5.k 3%k £.50 3515 .7513 .309% | 15.91
5 L6667 L20151  J8B0Lk | 45.L =526 4.76f .h83c| .8889 L3034 | 19.03
7 Keauis) LE26) Louth | 45.2 3283 6.68} .&h27| .g52- 2640 | 26.27
3 .888g €855) .98Co| b5.6 3E27| 7.64) .BI72]  .980u« .2223 | k2.27
S 1.C000 | 1.C200} 1.00C0 | 5C.2 64861 9.C5| 1.C000| 1.0C00 1765 | 935.55
dicg 12 Wicg 13
0 c o} 0 45,8 O.244%( 11,08 © o] 45.5 0.1961 | 11.45
1 11 0L | 0354 | B6.C LhGa ] 11.15{ .00k3%F  .0090! U45.6 946 [11.60
2 2202 L0364 | 1022 | L6.1 2h88 | 11.22] .0232| .0396| U45.5 .1923 1 11.83
3 3353 L0756 | 2267 | 46.1 .23L6 | 1145 .Oh98[  .cB11| 45.7 .1866 | 12.10
4 Sl .2333] 4356 | L6.3 23311 21.85] .1z2cz2| .1215| Ls.0 1662 | 12.k6
8 3952 L2303 ] (G667 | 4E.5 235z | 22.42| .2253] .1682| L6.0 L1815 { 12.99
6 L6657 36671 8533 | LE.8 L2361 | 13.32| .3551) .3027| LE.2 1749 | 13.60
7 .T776 53261 o942z | AT.1 20461 1k.66] 5655] s009| 46.6 1655 114,78
8 8889 LTE39 [ .9867 | AT.T 2022 18.35| 7725 L7423 4T.2 .1495 | 18.00
g 1.0000 | 1.0C00| 1.0000 | kG.0 .1838 [ 5C.00| 1.0000| =.000Gf L8.3 1275 | 29.50
Wing 14 Wing 15
o] 0 o] a k5.5 2.1652 [ —0.83] © o] i5.C 0.2527 | 9.12
1 L1112 .coy3 ) L0050 | k5.6 A9%1 ] 1.0 .ockOtl  .0L77| 6.1 2565 | 9.3
2 2222 .C232| .0356 | LW5.7 L1010 1115 0284 |  .O735] L4€.2 2567 | 9.55
3 3333 OuG8 | L0812 | 45.8 L1883 | 11.43( L0602 .1556| u46.2 .2icx | 9.81
[l TS Jd2C2| L1315 (1 45.9 .184& | 11.82| .12h0| .2325) L6.4 .2412 | 10.13
5 .5555 2283 .i982 | u6.1 1797 | 12.33|  .2280] .3012| L6.E .2428 | 10.70
& 6867 L3951 | (3027 k6.3 Q731 | 12.91|  .366L] 5282 k6.5 2h52 |11.71
T 7718 56651 5009 ] b6.A L1631 1h.20)  .5Z84) L6922 b7, L2118 113.%5
g .BEED J7251 JTR23 | BTU3 Ab77 b aT.50| LW7ho| L8hTA| bT.T .2075 | 17.00
9 1.00CO | 1.C00C| 1.0000 | L48.5 \1165 | 29.50| =.0000| 1.00C0]| 49.9 -258L | 27.40




NACA RM L56K26

TABEE IV.- EXPERIMENTAL AND CALCULATED RESULTS

29

wingl e Ve, £z, Pes % |eer | VB | % Te a_\ﬂ'-‘ va, | Ye | Ye \*p-00238
£ps eps | slugsfen £5 | 1b/sq =% s | eps | o | Ve s | 2 | % fe
1] 0.857) 90l.1] Lok | 0.000631 255.9 | 22.3 3| €9.6|1.210f 3.2% | e | e
1,001 | 1,068.0 8.6 | ©.00c980 556.9 14,35 640 | T1.6|1.670| 2.54 | —mm-u —] emmm-
2 | c.832 g1a.k 53.3 0.0015T2 63h,2 8.63 ] - e | e 1,99 | mmemm | e ———
5 | 0-T94| &52.0| 145.0 | 0.002740 631.6 7.95] &07(125.8]|1.056| 2.7 | ceeoe | cmem | mmem
&5| 98.6| 120.0 .001kT73 706.3 9.36 | -——- ——— o 5.25 | 1,15 0.856 0.965
4 | 1.006[1,082.7] 60.0 | 0.001348 789.8 12.32]1,156 {119.k |0.905 | 3.83 |a1,240] 0.87k 1.006
5 | o7} T70.2| —-— | 0.0031626 543.5 T7.62} 1,080 | 133.0{ 0.723| 3.05 |3, 0.765 0.8.7
6 |0.83| 9h2.0| 67.4 | c.coir2h L97.0 135,80 | mmmmm | o | e .30 | 1,k30} 0.668 0.810
710970 |1,050.3} 8.2 | 0.00139 765.8 g9.22 | 1,110 | 128. 7| 0.9k1 | 3.57 | 1,156] 0.908 31.037
8§ | 0.905 9oh.3| T6.0 | 0.001057 522.2 | 13.16 1,363 [ 141.3| 0.718] s5.19 %03 | 1.100 1.275
a1 0.777 865.6 | T5.2 | 0.00231L 451.8 | 1.o7)3,305 [1k5.0]0.666) L.k | o | cmmem} ameen
0.500 | 1.5| 517 | o.o01ish 1328 | 4.5 | mmmem fommem | ameee 1.72 | 1,200 0.368}  0.h3%
.95 53T7.2] 5L.9 .000928 133.9 J18.33F 760} 39.1)c.70Tf 1.96 | ————- —]
. €5k 7 51.0 .000T42 i59.1 - -u T [N R . 817 | emmee | mmmem | e
10 -T00 | Tk.T| 52.5 000756 221.06 {22.50| T8 35.5| .969| 2.15 | —mm-m| mmmmm]|  —mme-
. 870.1 50.0 .000501 189.7 33,97 | ==emm= | === | ===== 1.29 | e | e m | aeeea
.510 558.8 | Lh.5 00207 323.0 8.22]| 609 | We.4| 917] 229 | | =] -
2590 | 644.9 | mmmmmm- 00153 318.5 | 1332 wmmem | mmeem | e .51 | 1,065 0.606 0.676
.a12 QTk.5 50.6 . 2 328.0 ek.sL| —-—— | ----- memem | 2,30 | e | eeen ] e
0. 707 7€6.0 | 108.3 0.0C1T3 53%.5 19.35 ]
66T T750.4 | 109.0 00176 L5h.6 15.01
652 777-5{ 190.0 .COLT72 520.8 19.k5
.gog &78.5 1_11..E .ccosg Eme.o sg.g
N .62 702.1} L12. <0017 4T.0 18.80 | " "
s “632 122.7 | 200.0 ~00177 462.0 18.50 Not discrete flutter pecints
880 | 730.3} 106.6 .00033 102.7 85.%
892 | 579.1( 107.1 00080 385.0 | &l.8
807 8&99.0 | 18&.8 00226 508.0 26.5
868 1 757.8 | 170/183 -GOLTL 2.1 | 15.58 ]
12 | 0.849 G235 371.9 0.000787 356.1 33.52 92| 52.5|0.932| 3.95 | 1,057[0.875 1.157
0.516 563.0 | 160.% ©.001961 333.2 | 13.90 63z | 75.8(0.922| 3.00
.605 670.0 { 1hk.5 001350 302.7 20,19 | mmmem | mmmm | e 3.65
i35 .T10 Ti2.T | 13%.5 .000780 232.8 k.52 886 | 75.2] .872] bL.T1
-792 | &0.1| 122.0 -00G535 193.3 50.95 | mmmme | mmmmm | ===== | 6.GE
.865 $30.5 | 116.5 .000388 168.1 70.25 [ 1,102 | 70.7| .84t -
.55 | 663.5| 156.7 | o0.001685 15%6.7 |1s.30{ 588| 5.3 L.2W0| --=nm | mmmmm | =] e
14 .Th6 813.9| 3i25.0 000705 233,k | 36.60 | —o—om | mmmmm | mmmen | e ] e oo ———
597 | $55.6| mza.2 -0003k% 155.7 | 75.65 s| &s.7| .577| -—— | 2,010 485 790
0.858 929.5 L2.6 0.000540 276.4 33.90 05| s52.2| 1.ce7] 3.8+ | 1,284} 0.672 0.963
B 051 o285 365 .00Ch8k 229.3 | ki.B2| o7l| S4.7} 1.001] kb3 [ cememf —aeee ———
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Spanwise laminated balsa
/—Chordwtse lominated spruce

TR I T
3 ., ‘ % B I P,

/////.

,/,//-/_; ////////

e N R I T A i l
Type A
Chordwise lominated balsa Spanwise lominated balsa
- Spanwise Iommcn‘ed spruc\

Type B
Chordwise laminated balsa Aluminum - foil skin
~ End-grain balsa /

Spanwise laminated spruce /— .02-inch g¢luminum alloy

zZZ /////////777\
LSS S AL L L

Type D
.02-inch aluminum Aluminum -~ foil skin
—~End-grain balsa
[ILLIIT]]
LITT] [T
Type E
< ~, L—/:éu
Type F

Figure 1.- Construction detasils of wings.
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cps Nodal pattern
38.2 Root
04 —_————
139 —_—
209 —_———

e

g | N\

(a) 60° foil-covered wing (wings 4, 5, 6, 7, 8, and 9).

Figure 2.- Representative nodal patterns and frequencies of the various
plan forms tested.
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a2
Mode cps
fm 518
fhz 148
fa 3
4th 255

NACA RM L56K26

Nodal pattern
Root

(b)

60° spruce and bpalsa wing (wings

Figure 2.- Cortinued.

1, 2, and 3).
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Mode cps Nodd pattern

(c¢) 53° 8* foil-covered (wing 15).

Figure 2.- Continued.
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Mode cps Nodal pattern
fh, 55 Root

fy 99 —————
4th 168 ~ —-——

\\ \\\\
_ NN N\

(d) 353° 8' spruce wing (wings 13 and 14).

Figure 2.- Continued.



NACA RM L56K26 CAlNER R 35

Mode cps Nodal pattern
fh, 2 Root
fh2 58
fa 8! —————

(e) L5° foil-covered wing (wing 12).

Figure 2.- Continued
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CONREDE.
Mode cps
fhl 455
fhz io8
fq SO
4th 109

NACA RM L56K26

Nodal pattern
Root

(2)

45° spruce wing (wing 11).

Figure 2.- Continued.
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Mode c¢ps Nodal pattern
fhl 195 Root
fhy, 04 ——
& 6 -———
4th 122 ~ —-——

_————————_———_——{————
——————"
— e——————

]

[

(g) 60° magnesiur flat plate (wing 10).

Figure 2.- Concluded.
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c
6\
Load points
c Streamwise
40 | chord
| s  Exposed
I semispan
LN |
3]s |
~
\ I
~ |
~ |
S !
~
~
L b
~
2 I~ :
I AN |
g0 | ;
|
\ 1
i |
} |
2c L [ i
3 ~ o | I
- -~ - : :
-~ \II\ . ‘
I Ssa !
I |
5¢c I :
2t | i |
s | =0 | .
|
| T !
I
! I
} I
! ! °Q
L] ' L] 1
s s 3 s 5s 33
8 4 8 2 8 4 8

Figure 3.- Sketch of a deita plan form showing loading stations and mass
segments. Typical of all wings tested.



() Wing 14. 1-95889

Figure 4.~ High-speed [lash photographs showing flutter modes.
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(b) Wing 14,

Figure 4.~ Concluded.
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Figure 5.- Oscillograph record showing rapid buildup of flutter (wing 15).
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plone

80.

Mounting strut
for reflection
plane.

le " N|
€ 85.9 3
x
Y
k39
A k1"
e
Mounting brackets
Sheet metal fairing
§ RIS 86.1"
d \-Tesf wing
\
v

Figure 6.- Schematic section drawing of wing mounted in test section

looking downstream.
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1-88192.1

Figure T.- Photograph of wing mounled on the reflection plane in the Langley &-foot transonic
pressure tummel.
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1200

1000

(®) O, {Top tunnel,
no flutter

800

600

q,lb/ft?

400

200

2 4 6 8 10 1.2 4 1.6

Mach number

(a) 60° foil-covered wings.

Figure 8.- Effect of Mach nunber on the dynamic pressure at fiutter.
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1200

1000

O Lower mode (44 cps)

O Higher mode (52 cps) S N

800

600
g, Ib/f*

400

200

]

2 4 8 B 1.0
Mach number

(b) 60° magnesium flat plate.

Tigure 8.- Continued.
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(e) 53° 8' spruce wing.

Figure 8.- Concluded.
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(a) Mach number, 0.633; frequency, 200 cps. 1-95891.

Figure 9.~ High-speed flash photographs of 45° spruce wing.
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NACA RM L56K26

L-95892

Figure 9.~ Continued.

(b) Mach number 0.677; frequency, 112.% cps.
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(e) Mach number, 0.808; frequency, 1861.8 cps. 1-95893

Figure 9.- Continued.
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(d) Mach number, 0.669: taken just alter failure of trailing edge.

Figure 9.~ Concluded.
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(a) 60° deita wings (except the flat plete).

Figure i0.- Effect of Mach number on the stiffness altitude coefficient
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60° delte flat plate (wing 10).

Figure 10.- Contirued.
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(e) 53° 8! delia wings.

Figure 10.- Concluded.
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Flutter-speed ratio, Ve/VR
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Figure 11.- Plot of flutter speed ratio Ve/VR against Mach number.
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